Water was the first drilling fluid used in drilling operations (Brantly, 1961) . However, water
53
was not able to suspend cuttings in static conditions, build an impermeable layer on 54 permeable formations, nor was it dense enough to balance formation pressure. According to In this study, we combined important factors discussed in the hole cleaning processes, and Table 3 shows the coding for the drilling fluids used in this study. There were a total of 8 183 different mud types of varying densities and concentrations of nanosilica in our experiments.
184
The properties of nanosilica used in this study are tabulated in Table 4 . filter press test i.e., low-pressure low-temperature (LPLT) OFITE filter press equipment. cuttings transport process were studied at various inclination angles (0°, 30°, 60° and 90°).
233
These inclination angles were chosen to study the cuttings transportation efficiency, cleaning studies in deviated wells (Sanchez et al., 1999) .
As shown in Figure 1 , the 9 and 12 ppg muds were formulated in the mixing tank, before circulate for another five minutes to ensure the cuttings were well distributed in the system.
244
Then after, the separator valve was opened for seven minutes and the CTE measurement was 245 obtained. There were no significant marginal differences in the CTE increment after that 
Cuttings preparation

265
In this study, rocks with the density of 2.56 g/cc were used to generate drilled cuttings based Table 5 , were used in 269 our experiments. They were washed and dried thoroughly, before being separated into their 270 groups, using a sieve shaker. The silica nanoparticles used in this study were procured from Shanghai Honest Chem Co., for implementation. This study includes one of the easy ways to disperse hydrophilic 289 nanosilica, by increasing the pH level of the water to 12.6. This was achieved by mixing a 100 290 ml of distilled water (with drawn from the required total amount of water in Table 1 and 2) 291 with 0.25 ppb caustic soda. This solution was added before adding barite to the drilling fluid.
292
The dispersion of nanosilica was further confirmed by the zeta potential tests, as shown in 293   Table 6 . According to data shown in Table 6 , the values of the zeta potential of nanosilica in in Figure 5 , drilling fluids, with the density of 9 ppg, have lower shear stress when compared 316 to the higher density muds, 12 ppg. This is because the 12 ppg drilling fluids are heavier than 317 9 ppg drilling fluids, thus requiring a higher force to sustain fluid flow, i.e., heavier muds 318 require higher pump pressure. Figure 5 also shows that, with increasing the concentration of 319 nanosilica, the shear stress reduces in both 9 and 12 ppg drilling fluids. As the concentration 320 of nanosilica was increased from 0 to 1.5 ppb in 9 ppg drilling fluids, the shear stress was 
Cuttings transport efficiency (CTE)
401
Effect of inclination angle on the CTE with no drill pipe rotation
402
The calculated CTEs for different drilling fluids, through our experimental set up, are shown
403
in Figures 8-9 . Based on Figure 8 , the same CTE trends were observed, for all cuttings sizes.
404
The lowest CTE was observed at critical angles between 30° to 60°. The drilling fluid with Pipe rotation is one of the main factors that contribute to a higher CTE. This is because the 
Conclusions
501
In this study, we investigated the effect of nanosilica on the cuttings transport efficiency This research only limits its findings to the turbulent flow conditions in a concentric pipe.
521
Pipe eccentricity is an important factor to be considered, especially in deviated sections. 
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Highlights
• Hole cleaning is a critical issue in directional drilling due to the formation of cuttings beds • Nano-enhanced drilling fluids can improve the performance of hole cleaning process • Optimum concentration of nanosilica was found through analysis of the rheological properties of drilling fluids • Combined effects of drill string rotation and nanosilica mud improved the cuttings transport efficiency up to 25% in deviated wells
